Power in a Balanced Three-Phase 

System 

□ To find total power in a balanced system 

- Determine power in one phase 

- Multiply by three 

>You can also use single-phase equivalent in power 
calculations 

- Power will be power for just one phase 
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Three-Phase Active (Average) Power 

□ Active power per phase = x power factor 

□ Total active power = SV^I^x power factor 

P = 3V^ 1^ cos 0 

> If I L and V L are rms values for line current and line 
voltage respectively. Then for delta (A) connection: V ^ 

= v l and ^ =i L /S- therefore: P = V3V L / L cos 0 

> For star connection (Y) : v* = V L IS and L = I L . 

therefore: /— 

p = V3 V L I L cos 0 
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Three-Phase Instantaneous Power 


Instantaneous Phase Voltages 

^ an (0 — V m sin( CO t) 
v bn (0 = Vm sin( CO t - 120°) 
v c (t) = V m sin( to t — 240 °) 


Van (t) = 'fiv sin co t 
v bn (t) = 72Vsin(cof-120°) 
v cn (t) = 72V sin(co/ - 240° ) 


Instantaneous Phase Currents 

i a ( t ) = I m sin(cof-0) 
i b ( t ) = I m sin(co ? - 0 - 120°) 
i c ( t ) = I m sin(co / - 0 - 240°) 


i a (t) = yfll sin(co? - 0 ) 
i b (t) = 72 / sin(aw - 1 20 ° - 0 ) 
i c it) = 72 / sin(co? - 240 ° - 0 ) 
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Three-Phase Instantaneous Power 


■s Instantaneous Power 


pit) = v(t)i(t) 


> Therefore, the instantaneous power supplied to each phase is: 


Pa (0 = v an ( t)i a ( t ) = 2VI sin(co t) sin(co t - 0 ) 

p b (t) = v bn (0**, (0 = 2V7 sin(cot -120°) sin((0t - 1 20° - 0 ) 

p c . (f ) = v cn (0* c (0 = 2V7 sin(cot - 240° ) sin(cof - 240° - 0 ) 


Since 


sina sin (3 = — [cos(a - P)-cos(a + (3)] 
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Three-Phase Instantaneous Power 


■ Therefore 


P a (0 = VI [cos 0 - cos(2cot -0 )] 
p b (0 = VI [cos0 - eos(2cot - 240° - 0 ) 
P c (0 = VI [cos0 - eos(2cot - 480° - 0) 


>The total instantaneous power 


P,o, (0 = Pa (0 + Pb (0 + Pc (0 = 3VI C0S 0 


Note that: the pulsing components cancel each other because of 
120° phase shifts. 

^ For a balanced three phase circuit the instantaneous power is 
constant 

aft 
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Three-Phase Instantaneous Power 



— — PtuiSc A 

— “Wfcise H 

— P)mm C 


t 


t * 


, / 
U 


n 


r I 


i 

> 


V 

t 

n 






l i 


\ f 


t \ i i 

? \; \ 

i 

i; 


-h 

» 

i 

K 

I 

4 


I I 


/ 

Pi 


V 

I 

ft 


v 

-i 


i 

pl 


' i 

\i 

■ 

I 


' I * 


* r 

■ 

f 

(- 

P 

1 1 

f * 

p I 




I 1 

:■ 

; 1 


t # 


P i 


1 


* 

■ 

*. 

n 

f K 


1 

!«■ 

a 

i 


p 1 


/ 

r~r~ 


i> 

1 

h 


l t 




'• 1 

l 1 

r 

i i 

■i . 

! 1 - 

v; 



i 

p 

■ 

1 * 

ti r 


t K 

; \ 

l- 1 - 

m * 


t ■ 

I P 

y 

i 

ti 

b 

I 1 


Ml 


£ 


ClM 


^ power in phases 
is Time Variant 


S The total power supplied 
to the load is constant 
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Power Relationships For a balanced 

Three-Phase load 


> For a balanced Y-connected load with the impedance = Z Z6°: 
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Power Relationships For a balanced 

Three-Phase load 

□ Using Phase quantities in each phase of a Y- or A-connection 


•S Real Power: 


P = 3 cos0 = 3 I^Z cos0 


3 l}R 


•S Reactive Power: 


Q = 3V t I t sine =3/ 4 2 Z sin9 


3 I$X 


•S Apparent Power: 


S=3V^=3I, 2 Z 


Tanta University Electrical Power and Machines Engineering Department EPM1203 Electrical Circuits (2) Dr. Said M. Allani Faculty of Engineering 









Power Relationships For a Balanced 

Three-Phase load 


□ Using Line quantities of a Y-connected Load 


•S Real Power 


P = 3V * I + cos0 


> Since for this load I L = 7a and V § —V^j y/3 


4 > 


V 


> Therefore: P = 3 h= I j COS 0 

s 

> Finally: p = ^3 V T It COS 0 


A 

Tanta University Electrical Power and Machines Engineering Department EPM1203 Electrical Circuits (2) Dr. Said M. Allani Faculty of Engineering 





Power Relationships For a Balanced 

Three-Phase load 

□ Using Line quantities of a A-connected Load 


•S Real Power 


P = 3V * 1 * cos0 


> Since for this load = V* and I § = I L / ^f3 


$ 


L 


> Therefore: P = 3 V t — --COS 

V3 

> Finally: p = ^3 V L I L COS 0 


The same as for a 
Y-connected load! 


(BBk 
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Power Relationships For a Balanced 

Three-Phase load 

□ Using Line quantities of Y- or A-connection 

> Reactive power: Q = v3 V^I ^ sin 0 

> Apparent power: g = Sv L i L 

□ Note: 9 is the angle between the phase voltage and the phase 
current (the imnedance angle) . 

■S Power factor is: F p = cos e = p/s=/ys + 
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